cervical-to-trochanteric ratio was 1:1.30 [7]. The right hip
was fractured in 47 patients and the left hip in 38 patients.
The average age was 81.4 years old, which was the highest
among the four kinds of fractures, with a range of 18 to 97
years old. Of 44 random hip fracture patients for whom we
were able to examine a spinal X-ray, 81.8% (36 of 44) also
had a vertebral fracture [7].

Distal radius fracture

There were 76 cases of fracture of the distal radius (18 males
and 57 females, with 1 case of unknown gender): a male-to-
female ratio of 1:3.2. The incidence per 100000 population
per year was 108.6 [8]. Adjusted for the Japanese popula-
tion, the incidence was 76.9. Thirty-four fractures occurred
on the right side and 42 on the left side. The average age at
the time of injury was 60.2 years old, with a range of 8 to
91 years old,

Proximal humerus fracture

There were 26 cases of fracture of the proximal humerus (3
males and 23 females), a male-to-female ratio of 1:7.7. The
incidence per 100000 population per year was 37.1 [8].
Adjusted for the Japanese population, the incidence was
37.3. Nine fractures occurred on the right side, 16 on the
left, and 1 occurred bilaterally, The average age at the time
of injury was 75.7 years old, with a range of 15 to 92 years
old,

Overall incidence of fracture

Incidences for the four kinds of fractures are shown in
Table 1. We identified 350 fractures, including the vertebra,
hip, distal radius, and proximal humerus, giving a total inci-
dence of these fractures of 499.9 per 100000 population per
year. The average age at the time of injury was highest for
fractures of the hip (81.4 years old), followed by the verte-
bra (77.7 years old), proximal humerus (75.7 years old), and
distal radius (60.2 years old). The incidence of each fracture
by age is shown in Fig. 2: fractures of the vertebra, hip, and
proximal humerus steeply increased in the seventies or
eighties. A similar increase in incidence for fractures of the
distal radius was not observed. The incidence of each frac-
ture and the average age for males and females are also

Table 2. Incidence of each fracture in men and women
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shown in Table 2: both the incidence and age at the time of
injury were higher in females for all fractures.

The incidences of each fracture by age in males and
females are shown in Fig. 3. These data show a peak in
fractures of the distal radius in the male teens, whereas the
incidence of fracture gradually rose in females with age and
then decreased after the seventies. Very few fractures of the
proximal humerus occurred in males, whereas a peak was
present in the nineties in women. For vertebral fractures,
the incidence gradually increased from the sixties and
reached a peak in the nineties, without a large gender dif-
ference. The incidence of hip fractures began to increase
from the seventies, with an exponential increase in
women.

Place and cause of injury

The location in which each fracture occurred is shown in
Fig. 4. Outdoor injuries were most common for fractures of
the distal radius, followed by the proximal humerus, verte-
bra, and hip. Based on data for each kind of fracture, as the
average age at the time of injury increased a greater per-
centage of injuries occurred indoors (Fig. 4). As shown in
Fig, 5, the most common cause of injury was a fall, but there
were many divergent causes of vertebral fracture.

Hospitalization and outcome after discharge

The average period of hospitalization and the places to
which hospitalized patients were discharged are shown in

Incidence per 100 000 person-year

2000 /
1500 /P —e— vertehra
// —a—hip
1000
¢ distal
radius
500 e imal
- —-——¥ humerus
0 5059 6069 70-79 8089 9099
Age (years)

Fig. 2. Incidence of each type of fracture by age in years

Site Males Females
Number of Incidence (per 100000 Mean age (years) Number of  Incidence (per 100000 Mean age (years)
fractures person-year) fractures person-year)
Vertebra 45 1347 750+ 13.7 (18-96) 118 s 78.7 £ 10.9 (19-97)
Hip 20 598 7524159 (42-94) 65 177.6 83.3 £ 8.2 (56-101)
Distal radius 18 539 36.0 +27.7 (8-82) 57 1558 69.1 £16.7 (11-91)
Proximal humerus 3 9.0 5734367 (15-19) 7 62.9 78.2 £11.2 (56-92)
Total 86 2573 — 263 7187 —
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Fig. 3. Incidence of each type of  peidence distal radius inclbcnte proximal humerus
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Fig. 4. Place where injury occurred, by each type of fracture: indoors
or outdoors
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Fig. 5. Cause of injury leading to fracture

Fig. 6. Of patients with a fracture of a vertebra, 87% were
discharged to home, whereas only 55% of patients with a
hip fracture were discharged to home and 36% were trans-
ferred or discharged to a nursing home. The average hospi-
talization period was 30.5 days for a hip fracture and 20.4
days for a vertebral fracture.

Drugs taken before injury

The percentage of patients taking agents for osteoporosis
before the injury is shown in Fig. 7. In most cases of hip

2 E
age

and vertebral fractures, the patients did not take any anti-
osteoporosis medicine before the injury occurred.

Discussion

The key aspect of the study was to examine all major osteo-
porosis-related fractures over a defined period of time in a
limited area. Qur results showed that there were 350 frac-
tures (499.9 fractures per 100000 population per year),
including fractures of the vertebra, hip, distal radius, and
proximal humerus, in Sado City in 2004. Vertebral fractures
were most common, followed by fractures of the hip, distal
radius, and proximal humerus; for the last three fractures,
this order is similar to those found in past surveys in Japan
[9-12]. Concerning vertebral fractures, previous surveys of
the Japanese population have found an incidence of 4000
per 100000 person-years (PY) for women in their seventies
and 8400 per 100000 PY for women in their eighties [13].
A study in Europe found an incidence of 920-977 per
100000 PY for women of all ages [14]. Our survey showed
an incidence of 322.5 per 100000 PY for all women and 1117
per 100000 PY for women in their eighties. Therefore, our
incidence rate was lower than those found in previous
studies, which may be because the survey was carried out
in hospital subjects only, and some patients with a vertebral
fracture may not consult with a hospital or clinic. Further
examination of this issue is needed; however, it seems likely
that vertebral fracture has a higher incidence than other
kinds of osteoporotic fractures. Furthermore, we found that
most hip fracture patients already had a vertebral fracture,
suggesting that patients with a vertebral compression frac-
ture have a high risk of a subsequent hip fracture. We note
that previous data suggest that the Japanese population
have a similar or greater number of vertebral fractures and
fewer fractures of the long bone (including the hip and
upper extremities) compared to European and American
Caucasian populations [6,10,15-17].
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Fig. 6. Outcome of hospitalized
patients after discharge. Average
hospitalization period in the
orthopedic ward was 20.4 + 103
days for vertebral fractures and
30.5 £ 15.9 days for hip fractures
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Morita et al. [11] reported that the incidence of hip frac-
tures in Niigata Prefecture in 1999 was 68.2 per 100000 PY,
which was double the rate in 1985, In the current study, the
incidence in Sado City was higher than all previous reports
in Niigata Prefecture (Table 1). Therefore, hip fracture inci-
dence appears to have increased since 1999, perhaps because
the proportion of aged persons has increased more in Sado
City than in Niigata Prefecture overall. The incidence of
fracture of the distal radius in women in our study was lower
than that found in Tottori Prefecture in 1995 (211.4 per
100000 PY) [10], but our incidence of proximal humerus
fracture was higher than that in the earlier study (47.9 per
100000 PY) [10]. The mean age for injury of the proximal
humerus is higher than that of the distal radius, which also
suggests that the high aging rate in Sado City (34.0%) might
account for these observations.

Our results indicated that the incidence of distal radius
fracture increased for people in their fifties onward, but
that there was no upward trend in incidence after the eight-
ies (see Fig. 3), possibly because physical activity in the
fifties to seventies leads to a higher rate of fracture of the
distal radius, whereas reduced physical activity in people
above 80 years of age tends to decrease the incidence of
this fracture. Fracture of the distal radius may also occur

more frequently in younger persons because such people
are more likely to use a hand to protect against a fall,
whereas elderly people might hit a hip or shoulder joint
directly under such circumstances, thereby accounting for
the higher incidence of fractures of the hip or proximal
humerus in older people. However, the number of fractures
of the radius or humerus was very small in males, and so
this argument might not apply to men. The peak incidence
of fracture of the distal radius occurred in teenagers in
males, which we speculate is mainly the result of
accidents.

There were more left-side fractures of both the distal
radius and proximal humerus, compared to the right side,
although the difference was not significant (distal radius,
P = (.358795; proximal humerus, P = 0.161513). Previous
studies have reported similar results [10,18], and it has been
suggested that dextral individuals are predisposed to injury
on the opposite side as a consequence of environmental
factors, or that there is decreased hand coordination of the
left hand relative to the right in right-hand-dominant people
[18]. The dominant hand was not checked in the current
study, but most of the Japanese population are right handed;
therefore, the larger number of left-side fractures is consis-
tent with the expected data.
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Injury while indoors was most common for fractures of
the hip, followed by the vertebra, proximal humerus, and
distal radius. The age at the time of injury decreased in a
similar order; that is, the average age was highest for frac-
tures of the hip. Injury indoors tended to increase with age,
making it important to focus on prevention of slight falls or
injury indoors in elderly people. About half the patients
with a hip fracture were able to be discharged to their home.
Both physical exercise by rehabilitation and maintenance
and practical use of social welfare resources are important
to increase the percentage of patients who can return home
after hospitalization.

Drugs for osteoporosis were not taken before injury in
most cases of hip and vertebral fractures. A past investiga-
tion performed on Sado Island indicated that the incidence
of hip fracture significantly decreases with vitamin D treat-
ment, compared with a nontreatment group, and that stop-
ping the treatment increased the risk of hip fracture [19].
As it appears that vertebral fracture leads to hip fracture,
fracture prevention from an early stage by treatment with
drugs should be carried out to reduce the chance of this
serics of fractures, and preventive treatment should be
further encouraged in osteoporotic elderly people.
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Abstract

Summary Hip fracture incidence from 2004 to 2006 in the
Tottori prefecture of Japan was investigated and compared
with previously reported rates. The age- and gender-specific
incidence of hip fracture in the Tottori prefecture has not
plateaued, as has been reported for populations in Northern
Europe or North America.

Introduction Recent data from Northern Europe and North
America indicate that the incidence of hip fracture has
plateaued, whereas most reports from Asia indicate that the
incidence is increasing. The aims of this study were to
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investigate the recent incidence of hip fracture in the Tottori
prefecture, Japan, and to compare it with previous reports.
Methods All hip fractures in patients aged 35 years and older
occurring between 2004 and 2006 were surveyed in all of the
hospitals from the Tottori prefecture. The age- and gender-
specific incidence rates were then calculated. Using these and
previously reported data, the estimated number of hip fracture
patients was determined using the age- and gender-specific
incidence rates in each year from 1986 to 2006.

Results The survey identified 851, 906, and 1,059 patients
aged 35 years and older, in 2004, 2005, and 2006
respectively. The residual lifetime risk of hip fracture for
individuals at 50 years of age was estimated to be 5.6% for
men and 20.0% for women. The estimated number of
patients from 1986 to 2006 showed a significant increase
over time for both genders.

Conclusions The age- and gender-specific incidence of hip
fracture in the Tottori prefecture, Japan has not plateaned
for either gender.

Keywords Epidemiology - Hip fracture - Incidence -
Lifetime risk - Osteoporosis

Introduction

Hip fracture is the most significant osteoporotic fracture in
terms of health outcomes, quality of life, and cost. As a
result of the aging population, the burden of these fractures
on our health care systems is increasing and the absolute
number of hip fractures is expected to increase significantly
during the next few decades. It has been estimated that the
total number of hip fractures worldwide will increase from
1.3 million in 1990 to 2.6 million by the year 2025 and to
4.5 million by the year 2050 [1]. To predict the number of
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patients requiring treatment for hip fractures during the
coming decades, however, it is necessary to determine
whether the number of fractures is rising more rapidly than
can be accounted for by demographic changes alone.

A growing number of epidemiological surveys show an
exponential increase in the incidence of hip fracture with age
among different ethnic groups. In addition, data obtained
beginning in the 1990s from Northem Europe [2, 3], North
America [4), and Australia (5] indicate that previously
observed age-specific increases in the incidence of hip
fracture have plateaued. We previously performed a hip
fracture survey in the Tottori prefecture and found that the
incidence of hip fracture increased from 1986 to 2001; this
agreed with most other studies from Asia, which indicated
an increase in the incidence of hip fracture over time [6].

To estimate the real burden of this problem, a long-term
prospective population-based study specifically examining
the age distribution and changes in the incidence rates of
hip fracture is essential. There is, however, a paucity of
long-term data on the changes in these rates in men and
women within defined communities. The aims of this smdy
were to investigate hip fracture incidence rates in the Tottori
prefecture from 2004 to 2006 and to compare them with
previously reported rates,

Patients and methods
Data sources

In 2006, the Tottor prefecture, which is located in midwestern
Japan, had a population of 603,987, including 176,255 men
and 208,582 women aged 35 years and older. The percentages
of the population aged 65 years and older, 75 years and older,
85 years and older, and 90 years and older in 2006 were 24.6%
(20.4% of men; 28.4% of women), 12.9% (9.4% of men;
16.1% of women), 3.5% (1.8% of men; 5.0% of women), and
1.4% (0.6% of men; 2.0% of women) respectively.

As previously stated [6], all hip fractures in patients
35 years and older that occurred between 2004 and 2006
were surveyed in all of the hospitals in the Toftori
prefecture. This included 30 hospitals with orthopedic or
general surgery departments; according to the hospital
records, survey registration was performed by the doctors
or medical staff in each of these hospitals. Registration
information included gender, age, area of residence, date of
fracture, type of fracture (neck or trochanteric), and
treatment. Patients residing in other prefectures were
excluded. Duplication of cases was determined using the
patients’ ages, dates of fracture, types of fracture, and arcas
of residence. As previously reported [6], we investigated
the data collection methods at the three hospitals with the
maost hip fracture patients in each year, which covered one-
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third of the total number of patients in this prefecture, This
confirmed that the methods used to register the patients
with hip fractures were consistent with those used in
previous observational periods.

The study was approved by the local ethics research
committee at the Faculty of Medicine, Tottori University.

Statistical analysis

The patients were divided into groups according to their
age (subdivided into 5-year increments), gender, and
fracture type (neck or trochanteric fracture). The age- and
gender-specific incidence rates (per 100,000 person years)
were calculated based on the population of the Tottori
prefecture during each year. Every S years in Japan, a
national census is performed on | October, including in
2005 during the observation period. The age- and gender-
specific populations for each survey year were estimated by
the Burean of Statistics of the Tottori prefecture govem-
ment office according to resident registration records.

To determine recent trends in the hip fracture incidence, a
test of trends of proportions in quantitatively ordered samples
was used [7]. The age- and gender-specific incidence (per
100,000 person years) from 1986-1988, 1992-1994, and
1998-2001, which we have previously reported [6, 8], were
used for this analysis. The expected number of patients, age-
adjusted to the population structure from 1986 in the Tottori
prefecture (35 years and older), was calculated from the age-
and gender-specific incidence rates in each observation year.
The overall and slope Chi-squared values were examined.
Additionally, we elucidated the influence of the expansion in
the elderly population using the age-adjusted incidence in
two age groups: 85-89 years old and 90 years and older.

Lifetime risks of hip fracture for 50-year-old men and
women in the population were estimated by simple
approximation using the incidence data and the age- and
gender-specific incidence and life tables for the Japanese
population in 2006 released by the Ministry of Health,
Labour and Welfare of Japan (http://www.mhlw.go.jp/
english/database/mdex.html).

To compute the lifetime risks, Pr was defined as the
probability of having no hip fracture until death for a 50-
year-old man or woman. This probability may be discretely
approximated using the following formula:

Pr = d50(1 — I50) + (1 — d50)(1 — 150)d51(1 —I51)
+ (1 —d50)(1 — I50)(1 — d51)
x (1 =I51)d52(1 = I52) + -«
where 450 is the probability of dying between the ages of

50 and 51 years, /50 is the probability of having a fracture
between the ages of 50 and 51 years, and so on. These
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values were replaced with the corresponding incidence or
mortality rates in this study. The residual lifetime risk of an
individual aged 50 years experiencing a hip fracture 15 then
estimated by 1 = Pr.

The significance of the difference in proportions of
patients with left or right fractures was examined using Chi-
squared testing. The monthly variation in the number of
patients was lested using the Friedman test. P<0.05 was
regarded as significant.

Results

Characteristics of patients aged 35 years and older with hip
fracture

Registration was performed in all hospitals during the entire
observation period. As a result, this survey covered all
patients with hip fractures. The survey identified 851 (161
men and 690 women), 906 (170 men and 736 women),
1,059 (191 men and 868 women) patients aged 35 years
and older in 2004, 2005, and 2006 respectively. Categoriz-
ing the patients by fracture type, there were 360 neck
fractures (63 men and 297 women) and 487 trochanteric
fractures (97 men and 390 women) in 2004 (4 fractures
were undetermined); 338 neck fractures (61 men and 277
women) and 547 trochanteric fractures (103 men and 444
women) in 2005 (21 fractures were undetermined); and 424
neck fractures (84 men and 340 women) and 617
trochanteric fractures (102 men and 515 women) in 2006
(18 fractures were undetermined).

Right hips were fractured in 1,421 patients and left hips
were fractured in 1,395 patients, with no significant
difference between the numbers of right and left fractures,

The maximum number of fractures occurred in January
(267), whereas the smallest number occurred in August
(189). There was no statistically significant difference
among months during the 3-year period from 2004 to
2006. Including the data from the previous observational
periods (1986-1988, 1992-1994, 1998-2001, and 2004—
2006), a significant seasonal change in the incidence was
noted, with a higher incidence observed in the winter and a
lower incidence identified in the summer months (p<0.006,
by Friedman test).

Incidence of hip fracture between 2004 and 2006

In the population aged 35 years and older, the crude
incidence of hip fractures was 244.8 per 100,000 person
years from 2004 1o 2006, and the gender-specific incidence
was 99.1 per 100,000 person years for men and 368.0 per
100,000 person years for women. Although the incidence
rate of hip fractures increased with age (Table 1), the
absolute number of hip fractures peaked in the 80- to 84-
year-old population of men and in the 85- to R9-year-old
population of women.

After calegorizing the fracture types, the incidence of
neck fractures averaged during the 3-year period (from
2004 to 2006) in men and women was 58.6 and 143.7 (70-
to 74-year-old group), 101.1 and 309.0 (75- to 79-year-old
group), 160.9 and 477.9 (80- to 84-year-old group), 301.6
and 634.7 (85- to 89-year-old group), and 391.5 and 820.1
(=90-ycar-old group) respectively. The incidence of tro-
chanteric fractures was 62.9 and 105.5 (70- to 74-year-old
group), 128.8 and 244.7 (75- to 79-year-old group), 289.7
and 7302 (80- to 84-year-old group), 5754 and 1,470.5
(85- to 89-year-old group), and 619.6 and 2,070.0 (=290-
year-old group) respectively.

Table 1 Age- and gender-specific incidence of hip fracture in Tottori Prefecture, Japan

Age group  Men Women Average
(years) 2004 n 2005 2006 n 2004 n 2005 n 2006 n Men Women
35-39 0.0 ] 6.0 I 1.5 2 59 1 59 1 57 1 58 58
4044 58 | 58 1 122 2 0.0 0 0.0 0 58 1 79 1.9
4449 249 5 260 § 268 5 5.0 1 0.0 1] 26.5 5 259 10.5
50-54 8.5 2 176 4 13.7 3 192 9 226 5 4.7 1 133 22.1
55-59 134 3 248 6 346 9 316 T 335 8 50.7 13 143 38.6
60-64 61.3 11 16.6 i 47.1 B 716 14 ilo 6 88.3 16 41.7 63.7
65-69 110.7 I8 1064 17 81.7 13 163.7 12 TR8 15 164.4 1 9.6 135.7
70-74 150.8 24 BR6 14 131.5 21 2703 53 192.9 39 2992 60 123.6 254.1
75-19 185.5 24 2490 33 270.6 36 508.0 96 568.7 109 6208 120 235.0 565.8
80-84 4418 31 5549 43 191.7 33 11637 163 1,3019 196 1,2583 196 462.8 1,241.3
85-89 665.3 22 9150 31 11073 39 20358 166 19537 174 24375 230 895.9 2,1423
90+ 12469 20 7308 12 L1167 20 26056 146 3,089.1 183 30246 191 10315 29065
Incidence data are per 100,000 person years
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Fig. 1 Trends in the incidence of hip fracture per annum (patients
aged 35 years and older). Data are the expecied number of patients
adjusted for the age- and gender-specific incidence in each year
standardized using the 1986 population structure in the Tottori
prefecture. In the population aged 35 and older, 154,774 individuals
were men and 183,157 were women in 1986. P1: 1986-1988; P2:
1992-1994; P3: 1998-2001; P4: 2004-2006. The incidence in the
periods 19861988, 1992-1994, and 1998-2001, which we have
previously reported [6, 8], was used. x° (overall) was 24.7 (p<0.05)
for men and 110.0 (p<0.001) for women. x°* (slope) was 16.4 (p<
0.01) for men and 97.7 (p <0.001) for women

The residual lifetime risk of hip fracture for individuals
aged 50 years was estimated to be 5.6% for men and 20.0%
for women.

Changes in incidence during the 20-year period
During the 20-year observational period, the total popula-

tion aged 35 years and older in this area grew 1.14-fold,
whereas that aged 85 years and older grew 3.18-fold (from

100,000
1800 - Neck Fracture
| —=—2004-2
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Fig. 2 Age- and gender-specific incidence of neck and trochanteric

fractures between 1986 and 2006. Incidence data are per 100,000
person years. Incidence from the periods 1986-1988, 1992-1994, and

4 Springer

6,662 to 21,163). From 1986 to 1988, 916 hip fractures
were reported in patients 35 years and older, whereas 2,816
hip fractures were identified in this patient population in the
period from 2004 to 2006. The number of hip fractures
among women increased 3.3-fold, from 692 to 2,294, and
that among men increased 2.3-fold, from 224 to 522.

The expected number of patients adjusted for the age- and
gender-specific incidence in each year and standardized using
the population structure of 1986 showed significant increases
from 1986 to 2006 for both genders (Fig. 1). The mean age-
and female-specific incidence in the 85- to 89- and =90-year-
old age groups was 1,179.2 and 1,506.9 per 100,000 person
years from 1986 to 1988, 1,632.8 and 1,838.0 per 100,000
person years from 1992 o 1994, 1,810.9 and 24075 per
100,000 person years from 1998 to 2001, and 2,142.3 and
2,906.5 per 100,000 person years from 2004 to 2006
respectively. Those for men in the 85- to 89- and >90-year-
old age groups were 551.5 and 871.9 per 100,000 person
years from 1986 to 1988, 572.6 and 887.3 per 100,000 person
years from 1992 to 1994, 6329 and 1,059.3 per 100,000
person years from 1998 to 2001, and 895.9 and 1,031.5 per
100,000 person years from 2004 to 2006 respectively.

Figure 2 shows the average age- and gender-specific
incidence for meck and trochanteric fractures from the
periods 1986-1988, 1992-1994, 1998-2001, and 2004-
2006. For both genders, the incidence of both types of
fracture was significantly higher in 2004-2006 than in all
other survey periods. The expected numbers of patients
with neck fracture adjusted for the age- and gender-specific
incidence in each year and standardized by the population
structure of 1986 was 22.0 for men and 87.0 for women in
1986, and 47.2 for men and 175.0 for women in 2006. The
expected numbers of trochanteric fractures in men and

100,000 .
1800 . Trochanteric Fracture

1600
1400 +
1200 +
1000 |
800
600 +
400 |
200 |

o 0 M S S E—
60 65 70 75 B0 85 90 60 65 70 75 B0 85 90
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1998-2001, which we have previously reported [6, 8], were used for
comparison
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women were 39.0 and 119.0 in 1986 and 57.0 and 202.2 in
2006 respectively. These increases were statistically signif-
icant, with the exception of trochanteric fractures in men.

Discussion

In this study, we have demonstrated that the age-specific
incidence of hip fracture in the Tottori prefecture has not
stabilized, but rather has slightly increased during the past two
decades. This observational study began in 1986 and has been
carried out using 3-year intervals, except for the 4-year survey
from 1998 to 2001. The catchment area, the methods of
identifying hip fracture patients, and the definitions of fracture
were identical to those used in previous studies [6, 8]. The
proportion of the population aged 65 years and older in the
whole of Japan was 20.8% in 2006, whereas it was 24.6% in
Tottori. In the Tottori prefecture, there are 6.6 general
hospitals per 100,000 persons (6.2/100,000 persons for the
whole of Japan) and the average monthly income is
¥504,729 (US$4,799) per family unit (¥525,716 [US
$4,997] for the whole of Japan) in 2006. Based on these
data, the Tottori prefecture has a higher percentage of
seniors, but is representative of Japan based on the medical
resources and family economics. Because the Tottori
prefecture is on the coast and is surrounded by mountains,
all patients with fractures must be treated at a hospital within
the prefecture. Japanese citizens are legally obliged to belong
to one of several government-subsidized health insurance
programs, and thus every patient with hip fracture is treated
in a hospital. These circumstances contribute to the validity
of this longitudinal survey. The incidence observed during
the 20-year period in the Tottori prefecture was in the middle
of the range observed within Japan as a whole over the same
period [9, 10], suggesting that the data from this study are
representative of the Japanese population.

Several studies have suggested a wide geographic variation
in hip fracture incidence between countries, with the highest
rates reported for northern European countries [2, 3] and the
United States [11], and the lowest rates reported in Africa
and some Asian populations [6, 12, 13]. The Japanese
incidence presented in the current study is slightly higher
than that reported recently in Korea [14] or Taiwan [15]. In
general, peaple who live in latitudes farther from the equator
seem to have a higher incidence of fracture [16].

The lifetime risk of hip fractures for individuals aged
50 years is estimated to be 22.9% for women and 10.7% for
men in Sweden, and 11.4% and 3.1% respectively in the
UK [17, 18]. The average life expectancy at birth for
Japanese individuals has steadily increased, reaching
78.56 years for men and 85.52 years for women in 2005.
The life expectancy for 50-year-old men was 29.26 years
and that for women was 35.94 years_in 2005. Although the

incidence of hip fracture in Japan is lower than that in
Sweden, longer lifespans have elevated the residual lifetime
fracture risk for individuals 50 years of age.

This type of increase has been observed in longitudinal data
from several areas within Japan [19] and in nationwide
surveys [10], in which the incidence was increased in both
men and women, particularly among individuals at least
80 years old; the present study demonstrated the same
tendency. In the Tottori prefecture, the total population
decreased by 2.1% from 1986 to 2006, whereas the
population aged 85 years and older more than tripled. This
expansion in the elderly population may have affected our
findings. To address this possibility, we compared the age-
adjusted incidence with previous observations in the popula-
tion aged between 85 and 89 years and in that aged 90 years
and older. We found a substantial increase in women in the
incidence in these age groups and in men 85 to 89 years old.
This age-specific increase in these older populations indicates
that the increase in hip fracture incidence is not completely
due to a proportional change in the population structure.

Decreases in the incidence of hip and wrist fractures
have been observed in Ontario, Canada; the authors
suggested that the higher diagnosis rates for ostcoporosis
and the shift from specialist to primary care observed in the
late 1990s resulted in a greater number of women with
osteoporosis receiving appropriate diagnosis and treatment,
which coincided with the reduction in fracture rates [20]. A
nationwide decline in the incidence of hip fracture has been
also been reported in Finland; potential reasons proposed
by the authors included a cohort effect toward a healthier
elderly population, increased body mass index, improved
functional ability n the elderly, specific actions to prevent
and treat osteoporosis, and effective programs and inter-
ventions for fall prevention [21]. Bone mineral density in
older Japanese individuals has been increasing recently.
The Miyama study conducted in 1990 and in 2000 showed
significant improvements in the bone density of the femoral
neck in men in their 60s and in women in their 50s,
suggesting that bone fragility may be generally less severe
than before in Japan [22]. This is probably a result of
increased body weight among Japanese individuals;
increases in obesity, however, may result in decreases in
hip fracture similar to the data described from Northern
Europe. Therefore, risks of fracture other than bone fragility
should be assessed to help explain the increase in the
incidence in Japan. We reported that one significant
preventive factor for distal radius fractures among Japanese
individuals was the use of a futon (as opposed to a bed)
[23]. We speculated that futon use helps to maintain some
level of physical activity, resulting in a reduced risk of falls.
Moreover, the overall decrease in physical activity of a
Westernized lifestyle may explain the increase in fracture
incidence among Japanese patients, Another explanation may
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be that more seniors with poor health due to other conditions
are being treated, which results in people living longer at a
time when their risk of falling is considerably high.

The incidence of neck fracture is higher than that of
trochanteric fracture in Northem European and African
populations, whereas neck fracture is less common in
Japanese populations [3, 13, 24, 25]. This study showed
that an increasing number of patients in the Tottori
prefecture are suffering neck fracture relative to trochanteric
fracture; the increases in age-standardized incidence during
the two decades for neck fracture was 115% in men and
101% in women, and those for trochanteric fracture were
46% and 70% respectively. On the other hand, a recent
survey in Sweden showed that the neck-to-trochanteric
fracture incidence ratio had leveled off [2]. Although the
reason for these trends is uncertain, the neck-to-trochanteric
fracture ratio in Japan is approaching values observed in
Northemn European populations.

Our study has some limitations, particularly with regard
to the data collection. The method of data collection was
consistent, and, as mentioned before, we checked patient
enrollment in three monitoring hospitals [6]. Second hip
fractures in the same patient during the observational period
were not specifically identified in the present survey, which
may have affected the result. Moreover, hip fracture
patients living in the Tottori prefecture and treated outside
the prefecture may have been missed during the registra-
tion. The number of such patients, however, is likely to be
very small.

We conclude that the age- and gender-specific incidence
of hip fracture in the Tottori prefecture of Japan has not
plateaued as it has for populations in Northern Europe and
North America. This presents a remarkable challenge to the
Japanese health care system. An cstimated 12 million
patients have osteoporosis in Japan, and only 20-25% are
being treated with anti-osteoporotic medication. Appropri-
ate diagnosis and treatment of osteoporosis is essential, and
more effective interventions for preventing falls are needed.

Acknowledgements The authors sincerely acl:nwledge l.he sutf
members of the hospitals in the Tottori prefe that parti d in
this study. The authors also acknowledge the Jag i’“‘,*’

iety. The authors would like to express sincere thanks to Motol
Sasaki fer her secretarial help. This study was supported by a grant-
in-aid from the Ministry of Health, Labour and Welfare of Japan
(grant HI8-Choujyu Ippann-036).

Conflicts of interest None.

References

l. Gullberg B, Johnell O, Kanis JA (1997) World-wide projections
for hip fracture. Osteoporos Int 7:407-413

4 springer

—135—

w

-3

Zl.

2z,

24,

25.

. Johnell O, Kanis J (2005) Epidemiol

.Laﬁmn{) BagtmﬂK.LumLanl(mﬂ!}ﬂamgumhlp

and

BY: ages, g
fracture rype& Osteoporos Int 13:18-25

. Bjorgul K, Reikeras O (2007) Incidence of hip fracture in

southeastern Norway: A study of 1,730 cervical and trochanteric
fractures. Int Orthop 31:665-669 :

Melion LJ 111, Atkinson EJ, Madhok R (1996) Downtum in hip
fracture incidence. Pub Health Rep 111:146-150, discussion 151

. Boufous S, Finch CF, Lord SR (2004) Incidence of hip fracture in

New South Wales: are our efforts having an effect? Med J Aust
180:623-626

. Hagino H, Katagiri H, Okano T et al (2005) Increasing incidence

of hip fracture in Tottori Prefecture, Japan: trend from 1986 to
2001, Osteoporos Int 16:1963-1968

. Fleiss JL (1973) Proportions from independent samples. Statistical

methods for rates and proportions. Wiley, New York, pp 96-99

. Hagino H, Yamamoto K, Ohshiro H et al (1999) Changing

incidence of hip, distal radius, and proximal humerus fractures in
Tottori Prefecture, Japan. Bone 24:265-270

. Orimo H, Hashimoto T, Sakata K et al (2000) Trends in the

24

of hip fi in Japan, 1987-1997: the third
nationwide survey. J Bone Miner Metab 18:126-131

. Yoshimura N, Suzuki T, Hosoi T et al (2005) Epidemiology of hip

fracture in Japan: incidence and risk factors. J Bone Miner Metab
23 Suppl:78-80

. Ross PD, Norimatsu H, Davis JW et al (1991) A comparison of

hip fracture incidence among native Japancse, Japanese Ameri-
cans, and American Caucasians. Am J Epidemiol 133:801-809

. Abolhassani F, Moayyeri A, Naghavi M et al (2006) Incidence

and characteristics of falls leading to hip fracture in Iranian
population. Bone 319:408-413

. EI Maghraoui A, Koumba BA, Jroundi 1 et al (2005) Epidemi-

ology of hip fractures in 2002 in Rabat, Moroceo, Osteoporos Int
16:597-602

. Rowe SM, Song EK, Kim JS et al (2005) Rising incidence of hip

fracture in Gwangju City and Chonnam Province, Korea. J Kor
Med Sci 20:655-658

. Chie WC, Yang RS, Liu JP et al (2004) High incidence rate of hip

fracture in Taiwan; estimated from a nationwide health insurance
database. Osteoporos Int 15:998-1002

. Lonnroos E, Kautiainen H, Karppi P et al (2006) Increased

incidence of hip fra
Bone 39:623-627

A popul based study in Finland.

. Kanis JA, Johnell O, Oden A et al (2000) Long-term risk of

osteoporotic fracture in Malmo. Osieoporos Int I1669—6?4

gy of

P

Osteaporos Int 16 [Suppl 2]:$3-87

. Endo E, Endo N, Sakuma M (2005) Complete survey of hip fracture

in 2004 in Niigata Prefecture. InL The 23rd Annual Meeting of the
Japanese Society for Bone and Mienral Research, Osaka, p 202
Jaglal SB, Weller I, Mamdani M et al (2005) Population trends in
BMD testing, treatment, and hip and wrist fracture rates: are the
hip fracture projections wrong? ] Bone Miner Res 20:898-905
Kannus P, Niemi S, Parkkari J et al (2006) Nationwide decline in
incidence of hip fracture. J Bone Miner Res 21:1836-1838
Yoshimura N, Kinoshita H, Danjoh S et al (2002) Bone loss at the
lumbar spine and the proximal femur in a rural Japanese community,
1990-2000; the Miyama study. Osteoporos Int 13:803-808

. Hagino H, Fujiwara S, Nakashima E et al (2004) Case-control study

of risk factors for fractures of the distal radius and proximal humerus
among the Japanese population. Osteoporos Int 15:226-230
Luthje P, Santavirta S, Nurmi [ et al (1993) Increasing incidence of
hip fractures in Finland. Arch Orthop Trauma Surg 112:280-282
H.lmno H {2007) Features of limb fractures: a review of
gy from a J perspective. ] Bone Miner Metab

25.261—-255




